Recent financial liberalization in Taiwan has caused local banks to face major structural changes. This paper examines the cost structure of 36 local banks in Taiwan using the translog cost function and attempts to identify suitable operating strategies for cost reduction and performance improvements. Results indicate scale economies for small and large-sized banks and scope economies for all banks. The establishment of a financial holding company appears to benefit largely those banks affiliated with marketleading insurance conglomerates. These results suggest active diversification should focus on deposits and lending while promoting lending jointly with deposits and investments.
Introduction
The study of cost economies in the banking industry is characterized by cost structure analysis for research into scale and scope economies. Both scale and scope economies aim to reduce bank production costs so that efficient firm size and optimal product mix may be met. Because a banking firm is considered a multiple production organization, bank output measures remain an area of question for most studies.
Bank production characteristics are thus a central factor in determining which output measures should be applied. While the multiple output measure and weighted output index have been applied in numerous studies [Powers (1969) , Greenbaum (1967) , Scheitzer (1972) , Benston (1965) , Bell and Murphy (1968) ] as ways to view bank production in separate non-joint processes and as weighted sums of selected balance sheet items, the single output measure, including total assets or total deposits, is closest to representing the multiple production characteristics of banking firms where cost subadditivity and cost complementarity should be obtained to reduce production costs.
Previous research evidence, when measured by asset sizes, larger banks tend to be more cost efficient than smaller banks. (Murray and White 1983 , Hunter and Timme 1986 , Mahajan et al., 1996 , Flannery, 1983 . For largest banks, scale economies may diminish as banks increase in size (Hunter et al. 1990 , Gropper 1991 , Wang 1996 . Other studies, , Berger et al. 1987 , Noulas et al. 1990 , Gropper (1991 ] have found that when one bank surpasses a certain level of assets or does not produce sufficient quantities of certain financial products, scale economies are not easy to obtain. However, found that small banks obtained better scale economy than larger banks when measured by deposit size.
For the search of optimal product mix, studies have also attempted to examine the scope economies between two and three outputs. Studies show optimal product mix involves often deposits, lending and investments. A combination of product investments and lending seems to create diseconomies of scope, and the existence of scope economies is less evident. (Wang 1996 , Murray and White 1983 , Le Compte and Smith 1990 This study contributes by identifying key operating activities affecting cost savings of banks. Feasible suggestions and solution strategies are provided to improve bank operations and strategies. This paper is organized as follows. Section 2 presents the empirical model and methodology. Section 3 presents the results. Section 4 concludes the empirical study.
Model and Methodology
The Translog Cost Function is adopted to identify the relationships between different inputs and outputs and the total cost of a given banking firm. The intermediation approach is applied to explain the relationships between different bank production factors under a multiple set of inputs and outputs. The linear relationship of the Translog cost function between its inputs and outputs under second-order Taylor series expansion, quadratic in logarithms, and unknown parameters gives it an advantage over other types of cost functions in studies of banking scale and scope economies.
Thirty-six Taiwanese banks with complete statistics during the period between 1997 and 2002 were selected as our sample group and sample time. These 36 banks are the leading commercial banks, and include government-held commercial banks, private banks and other financial institutions recently converted to commercial banks. The selected banks have all participated in the financial reform of the Taiwan banking industry and are a good representation of the evolution of the domestic banking market. Sample statistics are taken principally from "Important Activity Statistics of Financial Institutions" published by Central Bank of China (Taiwan), annual reports and requests from individual banks for additional data. The cost function for empirical study is as follows:
(1) Formula 1 consists of output deposits (Yd), lending (Yp) and investments (Yt). Inputs are the price of labor (Pl), the price of capital (Pk) and the price of interest (Pr). Certain conditions are necessary to compute our cost function. They are: 1) β1 + β2 + β3 = 1, 2) γ11 + γ21 + γ31 = 0, 3) γ12 + γ23 + γ32 = 0, 4) γ13 + γ23 + γ33 = 0, 5) ρ11 + ρ12 + ρ13 = 0, 6) ρ21 + ρ22 + ρ23 = 0, and 7) ρ31 + ρ32 + ρ33 = 0. Coefficient values are obtained from the multi-variant regression analysis.
The input cost-share equations (Sj) obtained via Shepard's lemma, where Sj is the share of the jth input in the total variable cost, are:
Empirical Results
The Translog cost function is estimated jointly with its input cost-share equations using the iterative seemingly unrelated regression (SUR) estimation technique. The iterative Zellner estimation procedure was used to obtain estimates. Based on the R² at 0.982 and standard error statistics, the fit of the equations is satisfactory. The majority of the parameter estimates are statistically significant at the 5% level based on a two-tailed t-test. Most of the estimates are statistically significant and carry their expected signs. Table 1 presents the estimated coefficient values. All bank observations were sorted by asset sizes, yielding a total of five groups: C-1, C-2, C-3, C-4 and C-5, representing banks with assets greater than NT$100 billion, between NT$50 billion and NT$100 billion, between NT$20 billion and NT$50 billion, between NT$10 billion and NT$20 billion and less than NT$10 billion, respectively. Within each group, banks are sorted by asset size in descending numerical order. Bank types are sorted by ownership and firm structure. For ownership classifications, public banks are represented by " 1" and private banks are represented by " 2 ". Financial holding companies are represented by " 3" . Non financial holding companies are represented by "4" . For example, C1-1 1,4 represents a public and non financial holding bank with assets exceeding NT$100 billion.
Scale economy results are under 1% confidence level with positive estimated values showing constant return to scale for most banking institutions in Taiwan that have long-term average cost curves with a downward sloping trend. Results show banks with assets exceeding NT$100 billion and with assets between NT$20 billion and NT$10 billion possess optimum economies of scale. This empirical result is similar to that obtained by Murray and White (1983) and Hunter and Timme (1986) . When compared by asset size, public banks outperform private banks. This empirical result is opposite that of other studies in which private banks are more efficient than public banks in Asia (Karim 2001; Chu et al. 2001) .
Results indicate scope economies for banks in all asset sizes. Banks with assets greater than NT$100 billion and less than NT$10 billion obtain the best economies of scope. Public banks outperform private banks also in scope economies. These results contradict those of Chu and Chang (1993) and Chu et al. (2001) .
A majority of banks in our sample can reduce production costs through product diversification. This cost saving through diversification of product portfolios is larger for the largest and smallest banks. These results contradict the findings of Berger et al. (1987) , Rezvanian and Mehdian (2002) , and Zardkoohi and Kolari (1994).
The changes in scope economies for the banks over the period under study show a decrease over time, indicating the existence of smaller scope economies in more recent years. This result confirms the finding of Rezvanian and Mehdian (2002) .
The establishment of financial holding companies also tends to have limited effects on the levels of scale and scope economy obtained. As observed, the best performing public and private banks operate solely as commercial or cooperative banks. For most private banks, the adoption of financial holding company organization structure brings restricted cost reductions. 
Conclusion and Suggestions
This empirical study uses an econometric analysis based on the transcendental logarithmic cost function to search for deregulation effects on the cost structure of 36 local banks in Taiwan for the period 1997 to 2002. Three banking activities, deposits, lending and investments, were selected as the targets of an analysis of joint production of banking activities in obtaining specific scope economies. This study used an intermediation approach.
The promotion of lending activities seems to be a feasible way to obtain better cost effectiveness when jointly produced with deposits or investments. Technological advancements and branch establishments did not significantly affect the bank cost reduction process. Particular cost increases are evidenced for joint production of deposits and investments. It seems diversification into investment activities may not present the best option for cost reduction. It is also advisable to avoid obtaining tangible goods as capital assets. An alternative would be to employ more staff for daily operations.
The results suggest that the average cost curve for the Taiwanese banking industry is U shaped and that there are economies of scale for small and large banks. The findings further indicate that there are economies of scope for banks of all sizes. This means that joint production of outputs is less costly than producing each output separately. A variety of economies of scope estimates have been made. These broadly indicate that diseconomies of scope exist in the joint production of deposits and investments.
We found that assets above NT$100 billion was the optimal size for a bank in the local banking industry, from the viewpoint of scale and scope economies. For scope economies, we find banks with assets of less than NT$10 billion, represented by small and medium business banks (SMEs) that have recently converted to commercial banks. This scope economy may be the result of their superior knowledge in handling a diversity of loans and deposits, since SMEs often require creative financing.
Additionally, public banks appear to be more effective than private banks in reducing production costs in scale and scope economies. Private banks are also able to achieve certain less important levels of scale and scope economies.
The establishment of financial holding companies, however, has very restricted effect on the levels of scale and scope economies obtained. All public banks in our empirical study have maintained their original organizational structure. Private banks that have adopted a financial holding company organizational structure appear to reduce costs through joint production of deposits and lending and of lending and investments. We observed that private financial holding company type banks affiliated with marketleading insurance-based conglomerates are best suited for such activity diversification. They are bank C3-4 and bank C4-10. 
